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Abstract: 
 
The plant hormone cytokinin is involved in shoot and root elongation, leaf senescence, cell 
division, and other developmental and physiological processes. Cytokinin is part of a histidine-
to-aspartic acid phosphorelay signaling system. It is the ligand for histidine kinase receptors that 
phosphorylate Arabidopsis histidine phosphotransfer proteins (AHPs), which in turn transfer the 
added phosphate group to response regulators. In order to identify novel components, such as 
phosphatases and cytokinin transporters, involved in cytokinin signaling, a second-site modifier 
mutation screen in a sensitized background (ahp2;ahp3 double mutant) is being conducted. Loss-
of-function ahp2;ahp3 plants exhibit wild-type-level sensitivity to cytokinin in a root elongation 
assay. However, even minor alterations in cytokinin signaling can produce substantial 
phenotypic changes that would not otherwise be observable in a wild-type background, most 
notably a longer root length in the presence of exogenous cytokinin. The progeny of 
approximately 15,000 first generation mutant plants were assayed for altered response to 
cytokinin, and putative cytokinin signaling-mutant lines are currently being confirmed. Future 
work will include characterization and mapping of causative mutations in confirmed mutant 
lines. Identification of new components of cytokinin signaling can help improve crop yield in the 
future since genetic modification of cytokinin signaling increases maize and rice yield. 
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Introduction: 
         Arabidopsis thaliana is a plant in the Brassica family found in North America, Europe, 
and Asia with a 125 megabase genome consisting of five chromosomes, one of the smallest 
known plant genomes (Arabidopsis 2000). Its small, well-characterized genome and its ability to 
be stably and efficiently transformed with foreign genes make it a useful plant model for 
research (Meinke et al. 1998). In genetic experiments, Arabidopsis is especially practical as a 
model organism because of its small size, rapid generation time of six weeks, ability to grow 
well under controlled experimental conditions, and its capacity to self-fertilize, which increases 
the ease of maintaining mutant lines (Page et al. 2002). Past studies have led to the elucidation of 
the first hormone receptor, ETHYLENE RECEPTOR (ETR) in the ethylene signaling pathway 
in plants, which encouraged more research in plant hormone signaling pathways, such as auxin 
and cytokinin signaling (Bleecker et al. 1988).   
         This research focuses on cytokinin, a group of plant hormones involved in shoot and root 
elongation, leaf senescence, cell division, seed germination, circadian clocks, light responses, 
immunity, and other developmental and physiological processes in plants (Hutchinson et al. 
2006). Aromatic cytokinins include trans-zeatin, which occurs naturally, and benzyl adenine 
(BA), which is a synthetic cytokinin that is useful for experiments due to its lack of degradation 
rates by plants (Strnad et al. 1992, Jones et al. 1995). Consequently, benzyl adenine was chosen 
as the cytokinin treatment for this experiment. 
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Figure 1. Summary of the cytokinin signaling pathway in Arabidopsis. Cytokinins are the ligand for a 
conserved two-component phosphorelay system. Upon binding, AHKs transfer phosphates to AHPs, which 
eventually transfer the phosphate from a histidine (His)-containing to an aspartic acid (Asp)-containing domain 
on an ARR. Type-A ARRs negatively regulate the cytokinin signaling pathway and type-B ARRs activate the 
transcription of genes, including the type-A ARRs. Arrows indicate the movement of the phosphate in the 
cytokinin signaling pathway after cytokinin is bound to the CHASE domain. 
 
Cytokinins have been identified as the ligand for sensor histidine (His) kinase proteins 
(AHKs) in a histidine-to-aspartic acid phosphorelay signaling system (Figure 1). Upon cytokinin 
binding to a CHASE domain on an AHK, autophosphorylation occurs a conserved His residue of 
the kinase (Yamada et al. 2001). The phosphate is transferred to an aspartic acid (Asp) residue on 
the same protein, which allows transfer of the phosphate to a His residue on an Arabidopsis 
phosphotransfer protein (AHP). The AHP can then transfer the phosphate to an Asp residue on a 
response regulator (ARR). The core His kinases in cytokinin signaling have been identified as 
AHK2, AHK3, and AHK4, all of which are embedded in the endoplasmic reticulum membrane 
(Caesar et al. 2011).  In total, there are 6 AHPs, AHP1 through AHP6. AHP6 has been identified 
as a pseudo phosphotransfer protein as it lacks the conserved His residue to receive a phosphate 
from the AHKs and has been found to negatively regulate the cytokinin signaling pathway, 
unlike the other AHPs that positively regulate the pathway (Hwang and Sheen 2001). There are 
two types of response regulators, which are classified by function. Type-B ARRs regulate gene 
transcription, including the transcription of type-A ARRs (Hwang and Sheen 2001). Type-A 
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ARRs are known to negatively regulate the cytokinin pathway, although the exact biochemical 
mechanism by which they operate is not known (Hwang and Sheen 2001). It is very likely that 
there are additional components in the cytokinin signaling pathway. For example, some bacterial 
two-component systems have phosphatases that play a regulatory role in signaling by catalyzing 
the dephosphorylation of response regulator proteins, so it is possible that similar phosphatases 
exist in the cytokinin signaling pathway but high sequence variability in phosphatase sequences 
make them difficult to identify by homology searches (Bijlsma et al. 2003). Additionally, 
transporters likely exist in the pathway to enable cytokinin to reach the lumen of the endoplasmic 
reticulum, but none have as yet been definitively identified (Gillissen et al. 2000). This project 
aims to identify such novel elements through the use of a genetic screen. 
         The goal of this screen is to identify second-site modifier mutations in genes coding for 
novel cytokinin signaling elements using an ahp2,3 mutant as a sensitized background. 
Mutations that are known to cause an effect when present in wild-type Columbia plants are also 
likely to cause an effect when present in the ahp2,3 background. Some mutations with small 
effects in a wild-type background may cause a detectable phenotype in a sensitized background. 
While ahp1 single mutants do not appreciably affect cytokinin responsiveness in a root 
elongation assay, addition of the ahp2,3 mutations reveals the effect of the ahp1 mutant, making 
ahp2,3 a good background for this screen. When primary root elongation is measured across a 
five day window after germination, cytokinin treatment has the effect of slowing root growth in 
wild-type.  Disruption of cytokinin signaling will result in a longer root length in the presence of 
BA when compared to parental ahp2,3 plants. It is possible that some mutations from the screen 
may not be specific to cytokinin signaling, but instead are involved in other overlapping 
signaling pathways, such as the ethylene pathway. Cytokinin upregulates the ethylene signaling 
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pathway by inducing the transcription of ethylene biosynthetic genes (Cary et al. 1995) and by 
stabilizing Arabidopsis 1-aminocyclopropane-1-carboxylate (ACC) synthase (ACS) proteins 
(Vogel et al. 1998). One such class of mutants likely to be identified in this screen are ethylene-
insensitive mutants as the inability to respond to ethylene would result in a larger root in this 
screen. To isolate and eliminate such mutants from further analysis, an ethylene response assay 
using the triple response has been incorporated into the screen design. The triple response is a 
typical ethylene response that consists of shortened roots, a short and fat hypocotyl, and an 
exaggerated apical hook (Guzman et al. 1990). Plants that do not show this response in the 
presence of an ethylene treatment are ethylene-insensitive and could be indicative of mutations 
in the ethylene signaling pathway rather than the cytokinin signaling pathway. Thus, plants that 
do not show the triple response in an ethylene treatment will be removed from the screen so the 
focus remains on cytokinin-specific mutants.   
Identification of novel components specific to cytokinin signaling pathway can provide 
insight on developmental processes in plants, which, in turn, can improve agricultural yield and 
potentially address the food scarcity issues present in some populations. Previous studies 
analyzing the effects of exogenous cytokinin on crop production have shown improvement in 
yield. For example, a study conducted on maize showed that exogenous cytokinin amplified 
reproductive development and led to higher grain yield (Smiciklas et al. 1992). As such, it is 
possible that understanding more about the cytokinin signaling pathway could enable the genetic 
modification of genes to optimize plant development and maximize crop yield. 
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Methods: 
Ethyl Methanesulfonate (EMS) Mutagenesis: 
Sterilized, stratified seeds (1 g) were mutagenized using 0.4% EMS (Sigma Lifescience) 
for 8 hours followed by growth in soil under diurnal light conditions (Kim et al. 2006). Each 
pool consisted of an average of 134 M1 seeds with a standard deviation of 64 seeds.  
Plant Handling: 
Seeds were sterilized by washing with 95% ethanol (Decon Laboratories) for one minute 
followed by a ten minute wash with a 50% bleach (Clorox) solution containing 0.1% Tween20 
(Fischer Scientific). The seeds were then washed five times with sterile water. 
Sterilized seeds were plated on 0.5x MS Phytagel plates. The 0.5x MS Phytagel plates 
consisted of 2 g/L Murashige and Skoog (MS) salts (Research Products International) with 10% 
sucrose (Sigma Lifescience) and 6 g/L Phytagel (Sigma Lifescience) and were adjusted to pH 
5.8, with 0.1 µM BA. In the primary assay, seeds were densely plated (~3 seeds tall) in three 
rows approximately 2 cm apart. In the secondary assay, individual seeds were plated in two rows 
approximately 3 cm apart with 0.5 cm between seeds in the same row (6 seeds per row per 
genotype). The plate was vertically divided in half using a marker with the mutant line on one 
side and the ahp2,3 control on the other side. Seeds were grown in 24 hours of light per day at 
20°C for both assays (Figure 2B, 2C). 
Scoring of Mutants (Primary Assay): 
         Mutants (M2 seed) were scored qualitatively by root length after 8 days of germination 
based on root elongation between days 3 and 8 (Figure 2B). The scores given were one, two, and 
three. Class 1 plants did not have roots that were longer than surrounding plants and were 
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ignored. Class 2 plants had moderately longer roots than surrounding plants. Class 3 plants had 
drastically longer roots compared to other plants on the plate. 
Retesting of Putative Mutants (Secondary Assay): 
M3 plant root tips were marked 3 days after germination and plates were scanned after 8 
days of germination (Figure 2C). ImageJ was used to measure root elongation using the marked 
locations at the starting point of measurement (Abramoff 2004). A 2-sample t-test (α=0.05) was 
used to identify statistically significant differences in root length compared to the wild-type 
Columbia control. 
Triple Response Test: 
M3 seeds were germinated on 0.5x MS Phytagel plates with 10 µM ACC and left in the 
dark for 3 days as described by Guzman et al. 1990. Seedlings were checked for ethylene 
sensitivity by presence of the triple response phenotype, which consists of shortened roots, an 
exaggerated apical hook, and short and swollen hypocotyl (Figure 2D) (Guzman et al. 1990). 
Mutants that did not display the triple response were removed from further testing. 
DNA Preparation for PCR: 
 Three to four plants of each mutant were placed in a 2 mL capped tube, one tube 
representing one mutant line. Edwards buffer (400 µL) was added and tissue was ground using a 
pestle. The sample was then centrifuged at 13,200 revolutions per minute. The supernatant was 
transferred into a new 2 mL tube and 300 µL isopropanol were added. The samples were mixed 
by inversion and allowed to settle for 5 minutes. The samples were then centrifuged again for 5 
minutes at 13,200 revolutions per minute. The supernatant was discarded. Tubes containing the 
pellets were allowed to dry on a paper towel. Once dry, 300 µL of 70% ethanol (Decon 
Laboratories) were added to each tube to wash the pellet. The sample was centrifuged for 5 
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minutes at 13,200 revolutions per minute. The supernatant was discarded, and the pellet was 
allowed to dry. To re-suspend DNA, 30 µL of distilled, deionized water were added to each 
pellet. Concentration was recorded using a NanoDrop (Thermo Fischer Scientific). 
Polymerase Chain Reaction (PCR): 
A PCR assay was used to verify the ahp2,3 background in mutants. PCR was conducted 
with primers described in Hutchinson et al. 2006 with a 15 second denaturation at 98°C, 15 
second annealing at 54°C, and 3 minute extension at 72°C. 
Table 1. A list of PCR primers used to check for the presence of TDNA insertions (Hutchinson et al. 2006). Primer 
sequences are listed 5’ to 3’. 
Gene Sequence 
AHP2.F CTTGGGATTGGCTATTTCCAGAAATCC
AA 
AHP2.RC CAATGGTTTCAATTTTCTCGGATGAGA
TC 
AHP3.F TCATGAGGTCAAGTTGATGAGAGTATA
TG 
AHP3.RC TTTGTATTTGACAGTGAGACTGCGTTG
AC 
JMLB1.TDNA.Col GGCAATCAGCTGTTGCCCGTCTCACTG
GTG 
 
DNA Isolation for Library Preparation: 
Approximately 50 mg of inflorescence tissue was collected from each mutant and flash-
frozen in liquid nitrogen. A Geno/Grinder (SPEX Sample Prep) was used to grind the tissue (1 
minute at 1500 rpm). Samples were vortexed with 500 µL 2% CTAB to resuspend the tissue. 
The CTAB solution was prepared using 2% CTAB, 100 mM Tris HCl adjusted to pH 8, 20 mM 
ethylenediaminetetraacetic acid (EDTA) adjusted to pH 8, and 1.4 M NaCl.  The samples were 
then incubated at 65°C for 30 minutes. The sample was moved to a new tube and 500 µL 
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chloroform (Macron Fine Chemicals) was added to each tube. The sample was mixed by 
inversion and centrifuged at 4°C at 14500 RPM for 5 minutes. Approximately 400 µL of the 
supernatant were transferred to a new tube and washed again with 400 µL chloroform. After 
centrifugation and removal of the chloroform layer, the DNA was precipitated in 3M sodium 
acetate and isopropanol and pelleted by centrifugation. The pellet was washed with 1 mL 70% 
ethanol with 10 mM ammonium acetate and allowed to dry for 10 minutes. The pellet was re-
dissolved in 250 µL distilled and deionized water with 10 µg/mL Rnase A (Invitrogen) and 
incubated at 50°C for 30 minutes. After incubation, the samples were re-precipitated with 0.5 
volumes of 5M sodium chloride and 2 volumes of 100% ethanol. After incubation, the samples 
were re-precipitated with 25 µL sodium acetate (3M, pH 5.2) and 250 µL isopropanol, then 
washed with 1 mL 70% ethanol. The samples were then re-suspended in 30 µL distilled, 
deionized water. DNA integrity was verified by running a small volume of DNA on a 1% 
agarose gel and looking for fragments. A Qubit (Thermo Fischer Scientific) was used to check 
DNA concentration, and samples were stored at -80°C. 
Imaging: 
A Nikon DSLR D7000 camera was used to take picture of individual plants. An Epson 
scanner was used for images of full plates. 
 
 
Chang 10 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Summary of the second-side modifier screen. (A) M0 seeds were mutagenized with EMS and grown 
in soil. After mutagenesis, seeds were classified as M1. M2 seed was collected for the primary assay. Mutants 
with qualitatively longer roots were grown in soil and M3 seed were retested in BA to verify root elongation in 
the presence of a 0.1 µM BA treatment. (B) Primary assay for putative mutants. Pooled M2 seeds were plated 
in dense rows on media containing BA. Putative mutants with elongated roots were selected and transferred to 
soil. Each pool represented an average of 134 M1 seeds with a standard deviation of 64 seeds. There was an 
estimated total of 15,000 M1 seeds from all 111 pools. (C) Retesting of putative mutant lines on BA media.  A 
representative example of a retested mutant line (20-1) is shown. Root lengths of mutants (right) were 
compared to root lengths of wild-type (Col) plants (left) grown on the same media. Roots with X marks were 
not measured. (D) Triple response assay. The triple response is the presence of a swollen hypocotyl, an 
exaggerated apical hook, and shortened roots in the presence of ethylene. A mutant lacking the triple response 
(right) is shown next to the wild-type control (left). Ethylene-insensitive mutants lack the triple response. 
Images were taken at the same magnification level. 
 
Results: 
Determination of hormone treatment concentration: 
         A range of BA concentrations results in different amounts of root elongation among wild-
type Columbia, ahp2,3 mutants, and ahp1,2,3 mutant seedlings (Hutchinson et al. 2006). 
Furthermore, previous studies indicate that a treatment with 0.1 µM BA yields the greatest 
difference in root elongation between ahp2,3 and ahp1,2,3 (Hutchinson et al. 2006). To validate 
these data, root growth was tested on a range of BA concentrations (0.01 µM, 0.1 µM, 1 µM, 10 
µM) in wild-type and mutant seedlings. Consistent with the previous studies, a treatment of 0.1 
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µM BA yielded the greatest difference in root elongation among ahk2,4, ahp1,2,3, ahp2,3, Ws-2 
and wild-type Columbia (Figure 3A). Thus, 0.1 µM was chosen as the concentration of BA for 
this screen. 
Statistical analysis was conducted on data from plants grown in the 0.1 µM BA treatment 
condition. A 2-sample t-test conducted between ahp2,3 and wild-type did not yield a statistically 
significant result (p0.1,ahp2,3 = 0.468), which matches the expected result as ahp2,3 plants have 
been shown to display cytokinin responses similar to wild-type plants (Hutchinson et al. 2006). 
In contrast, 2-sample t-tests indicated that ahk2,4 mutants and ahp1,2,3 mutants had statistically 
significant results when compared to wild-type (p0.1,ahk2,4=3.3 10
-12, p0.1,ahp1,2,3=2.23 10
-8). These 
p-values confirmed the previous finding that both ahk2,4 and ahp1,2,3 mutants show 
significantly more root elongation in response to low levels of cytokinin (Figure 3D).  
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Figure 3. Determination of hormone treatment conditions for the screen. (A) Experimental data showing root 
elongation in six different backgrounds. Approximately 24 plants of each genotype were used in this assay. (B) 
Published data showed that a range of concentrations of BA yielded different results in root elongation 
(Hutchinson et al. 2006). (C) Validation of published data. Similar assays were conducted using ahk2,4, 
ahp1,2,3, and ahp2,3 knockout lines against Columbia controls. Root length images from each genotype in the 
test conditions (0.5X MS salts with MES in 0.1 µM BA). (D) Quantitative analysis of validation assay. 
Asterisks represent a statistically significant difference (p<0.05) between the mutant genotype and Columbia 
with respect to root elongation. 
 
Screen Progress: 
Currently, 1,175 plants have been screened using the primary assay, and 111 independent 
mutant lines have been identified. Mutants were binned into weak (two) or strong (three) classes 
depending on the relative length of their roots compared to the ahp2,3 control in the presence of 
cytokinin. Of these 1,175 plants, 302 have a length score of zero, as they were assayed prior to 
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the adoption of the scoring system; 598 have a length score of two, and 275 have a length score 
of three. The mutants with a length score of zero represent 38 independent lines, and those with a 
length score of two or three represent 81 and 83 independent lines, respectively. Of those lines, 
305 have been retested for resistance to cytokinin; 146 of those passed and represent 100 
independent lines. Only those that passed the BA retest were tested for the triple response in the 
presence of ethylene. So far, 65 plants have been tested for triple response and 19 showed wild-
type sensitivity to ethylene; these represent 13 independent lines (Table 2). Many mutants have 
already been identified as possible cytokinin mutants based on their statistically significant p-
values for the comparison of root elongation between mutant and wild-type plants.  
Table 2. Summary of the overall screen.  Scores indicate qualitative length assessments. Moderately elongated roots 
were scored as 2 and significantly elongated roots were scored as 3. A 0 indicates no score. The number of total 
plants and independent lines that have passed each test is indicated. 
 
The ahp2,3 background is present in putative mutants: 
After confirming ethylene sensitivity, a PCR assay was conducted to confirm the ahp2,3 
background in the mutants. Primer pairs were specific to the T-DNA and to the wild-type alleles, 
and each set of primers were tested on each mutant and Columbia and ahp2,3 controls (Table 1). 
The presence of ahp2 and ahp3 was tested separately from each other. Mutants only showed 
amplification in the presence of the T-DNA primers for both ahp2 and ahp3, confirming the 
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presence of the T-DNA insertions. The expected band sizes for amplification in mutants if the T-
DNA was present were approximately 800 base pairs and 1,100 base pairs for ahp2 and ahp3, 
respectively.  No amplification was expected in the presence of the wild-type primers because 
the T-DNA was insertion was large enough 
(>5,000 kb) such that amplification would require a longer extension time. Furthermore, the 
wild-type control only amplified in the presence of the wild-type primers and ahp2,3 only 
showed amplification with the T-DNA primers for both ahp2 and ahp3, indicating that the 
primers were specific to their assigned conditions (Figure 4). Data for three particular mutant 
lines, identified by line and plant number in line as 2-1, 4-2, and 20-1, are shown as examples 
(Figure 4). These three mutant lines all displayed a statistically significant amount of root 
elongation when compared to the ahp2,3 control and showed a wild-type response to ethylene. 
 
Figure 4. Verification of the mutant background. A PCR assay was conducted on mutants to confirm the 
ahp2,3 background. Primer pairs specific to T-DNA and wild-type alleles indicate the presence or 
absence of each allele in genomic DNA (Table 1). The assay confirms that the ahp2,3 background is 
present in all three mutants. 
 
Discussion: 
         The isolation of mutant lines with altered root elongation in the ahp2,3 background 
provides promising evidence for the existence of second-site modifiers in the Arabidopsis 
cytokinin signaling pathway. Mutants have so far yielded a variety of phenotypes, including 
agravitropic behavior, bushy rosettes, gigantea-like growth, and unusually shaped rosettes, in 
addition to elongated roots on cytokinin media (Fowler et al. 1999). The wide variety of 
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phenotypes could be due to the enhancer mutation or may represent second mutations in these 
lines unrelated to the pathway of interest. 
         Currently, some strong ethylene mutants have been identified based on the triple response 
test. However, known mutants cannot be definitively identified until sequencing is done, and 
there may be more ethylene-insensitive mutants in the screen than the triple response indicates. 
Nonetheless, the triple response test enables the elimination of some ethylene-insensitive 
mutants, allowing mutants that do not show the triple response, and thus, are ethylene-
insensitive, to be removed from the pool of mutants prior to sequencing. Hence, although the 
triple response test cannot screen out all ethylene-insensitive mutants, at least some can be 
removed, so this assay will continue to be used to eliminate obvious ethylene-insensitive mutants 
from the pool of potential cytokinin mutants in the future. 
         Going forward, complementation tests will be conducted to determine the number of 
complementation groups present among mutants. Complementation tests are only successful 
with recessive mutations because dominant alleles always mask the phenotype of recessive 
alleles if at least one dominant allele is present. By using complementation tests, the goal is to 
determine the number of different genes represented among the enhancer mutants.  In the case of 
this experiment, if the enhancer mutations are in the same gene, complementation will not occur 
and a cytokinin-insensitive root elongation phenotype will be observed in the F1 progeny. 
However, if the mutations are in different genes from the background genes, complementation 
will occur and the phenotype will revert back to the wild-type phenotype of shorter primary roots 
that is seen in cytokinin treatment in the F1 progeny. Additionally, infertile mutants have been 
crossed to the parental background (ahp2,3) in hopes of restoring fertility in a heterozygote.  
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         The next step in this project is to try to clone the genes corresponding to the most 
interesting mutations. To this end, high-throughput sequencing will be used to identify likely 
candidates. High-throughput sequencing will allow mutants with mutations in known genes like 
AHP1 and AHK4 to be eliminated. The remaining mutants can then be screened for mutations in 
novel genes that contain multiple alleles. Genes that contain mutations in multiple alleles that 
produce the same phenotype provide strong evidence that the phenotype is not due to 
coincidence. Hence, such genes would provide better evidence of involvement in cytokinin 
signaling compared to genes that only contain one allele and would be strong candidate genes. 
Currently, DNA extractions from the first group of mutants to undergo sequencing are being 
performed for library preparation. This analysis should both identify mutations that have already 
been well-characterized and novel elements. The sequencing data may provide insight into 
probable functions of novel cytokinin signaling genes if they have been described in the 
literature. Following identification, the effects of these second-site modifiers on cytokinin 
signaling can be studied. Once mutants are isolated, reporter lines that show fluorescence 
wherever cytokinin signaling is occurring can be used to determine which parts of the plant show 
altered cytokinin signaling. These constructs contain type-B response regulator binding sites 
before the reporter gene. Since there is strong evidence that type-B ARRs are transcription 
factors, high levels of fluorescence in these reporter lines would be indicative of high levels of 
cytokinin signaling (Zürcher et al. 2013). Ultimately, the goal is to use these data to identify 
novel components in the cytokinin signaling pathway. 
         To summarize, many putative mutants that look promising to be second-site modifiers 
have been isolated thus far. Once sequenced and mapped, these mutations could identify 
unknown components of the cytokinin signaling pathway or show novel crosstalk relationships 
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between different signaling pathways. Any new information learned about cytokinin signaling 
from these mutants will expand our understanding of the cytokinin signaling pathway and create 
new ways to modify the pathway for desired results, such as increased crop yield. 
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